I AM afraid that I am doing an unprecedented thing by asking you to discuss a method which I have employed in so small a number of cases as 86. However, I hope that you will be generous and give me the full benefit of your opinions; and, after all, one of the chief attractions offered by a Society such as ours is the opportunity it affords an individual member of picking the brains of the other members, and of having access, through their kindness in discussion, to a large accumulation of clinical material from which to draw conclusions. I trust, then, that you will not be impatient when I state that my reason for introducing to-night my subject of " Prolonged Anaesthesia under Ether, alternating with Gas and Oxygen," is to gain information rather than to impart it, for I hope to derive much help from your criticism and comments.
The question which must be more or less in the mind of every anesthetist at the conclusion of each operation is whether or not-as far as his share of the responsibility goes-he has left his patient in the best possible condition; and the point is rendered extremely difficult to answer with a satisfactory degree of certainty, owing to the multiplicity and variety of factors which must be taken into consideration, sucl as the physical condition or the temperament of the patient, the nature of the surgical procedure, and the method of ancesthetization employed. Surgeons may be very ready to take the blame when shock occurs, or to attribute nausea and vomiting to the patient's disposition; but my experience with the method under consideration has, during the past year, tauught me to regard as in a measure preventible a certain proportion of unfortunate sequele which hitherto had seemed inevitable. This fact is my excuse for troubling you with imiy reiiiarks to-night.
We may, I think, claim that we can tide our patients fairly successfully through the exhausting and dangerous procedures of modern surgery-by such measures as regulating the dosage so as to limit the degree to intoxication; by judiciously stimnulating the circulatory and respiratory systems; and by so adjusting the depth of ane-sthesia that painful stimuli may produce the least possible effect upon the central nervous system. In fact, as regards getting our patients through a trying ordeal, we may feel considerable confidence. But the aftereffects, especially nausea, vomiting, and reactionary shock, leave room for imiprovement. To me, visiting patients an hour or so after severe operations has sometimes proved very disappointing; for certain patients who on leaving the operating theatre had presented a satisfactory appearance, with pulse well under 100 and temperatures but slightly reduced, were then found looking pale, with quick pulses, clammy skins, and temperatures, perhaps, three degrees below normnal-the change of condition not infrequently dating from an act of vomiting.
The question arises, Have we, in such cases, so stimulated the patient with ether as to partially conceal the surgical shock which has been taking place, or have we so poisoned him that his vasomotor system is seriously impaired ? Dr. Halliburton, in his Croonian Lectures, 1905, entitled " The Chemical Side of Nervous Activity," suggests a reason for such reactionary shock occurring more frequently after ether than after chloroform. If we accept this statement, together with the deductions which Dr. G. Crile draws from his neurocytological studies of the brain of animals under ether and under nitrous oxide respectively, also the findings of Graham in his immunity experiments, then we have special reasons for exercising caution in the way we employ ether.
As to clinical evidence, my own cases are too few in number to exclude the possibility of coincidence; but such as they are, they tend to support the feeling that ether used indiscriminately may lead to serious reduction of vitality. The temperature sometimes remains subnormal for many hours. The tubercle and staphylococcus opsonic index is lowered; and occasionally a case is met with where post-operative collapse sets in quite suddenly and unexpectedly. The cases' which seem most susceptible are, I think, those in which large masses of tissue have to be removed, such as amputations of limbs or of carcinomatous breasts, or resections of gut, especially excision of'the rectum.
For many years I have felt that gas imight be more generally use'd for prolonged anesthesias, but owing to warning notes struck by many anaesthetists of repute, who reported not only the inconvenient rigidity but also faintness, dilated heart, persistent nausea, respiratory difficulties, &c., in connexion with gas and oxygen, I limited its use to short operations and to cases where shock or serious vomiting was especially dreaded. Two obvious objections to nitrous-oxide and oxygen anesthesia are rigidity and expense. By alternating ether with nitrous oxide and oxygen, these objections, in a large measure, disappear, without materially interfering with the advantages of the latter aneesthetic. The amount of gas used is so small as to come within practical bounds, and the occurrence of rigidity can be avoided entirely. In this connexion it is interesting to note that Dr. Teter, of Cleveland, who uses nitrous oxide and oxygen to such a large extent, and who admits difficulty from rigidity in 10 per cent. of cases not previously submitted to morphia injections, adds a low percentage of ether vapour to his nitrous oxide and oxygen when this complication arises.
The method' which I have now used in a good many very grave operations, and of which I have formed a good opinion, is that of anmesthetizing the patient with ether, and when a certain degree of ether saturation has been procured, changing to nitrous oxide and oxygen, the latter anesthetic being again abandoned in favour of ether on the occurrence of certain indications, and so on. By this means, in my experience, a perfect relaxation can be maintained with a minimum quantity of the gases and of ether, and an anesthesia produced from which recovery is quick and, in many detailsj most satisfactory.
The technique of administration varies somewhat, according to which of two objects is the principal goal aimed at-namely, the avoidance of surgical shock, or the avoidance of ether toxoemia. In the former case, special care is taken to keep ether anaesthesia deepened by nitrous oxide and oxygen whilst shock-producing trauma is taking place; whereas in the latter case, the operation is generally allowed to get well under way with ether ancesthesia before the nitrous oxide is applied, and the drugs are subsequently alternated in accordance with the indications to be described presently. The generally accepted custom as regards D-la preliminary morphia and atropine obtains, with this reserve: that if morphia has been used, care must be taken lest the breathing under nitrous oxide and oxygen becomes shallow, particularly, towards the end of a long operation, when more gas and less ether will be in use than in the earlier stages.
The details of technique might be described as follows: The patient is anuesthetized with ether, by a closed, or preferably by the open, method, this method being continued until the breathing-especially expiration -is quite free from any sort of hesitation; until the swallowing, coughing and retching reflexes are well in abeyance-in fact, until ether anesthesia is thoroughly and completely established. At this point a change may be made to nitrous oxide and oxygen in the proportion of 96 or 95 nitrous oxide to 4 or 5 oxygen. It will be seen that if the corneal reflex was still present, but dulled, before the change was made, it will now be abolished after a few breaths of gas, but the pupil will remain small and the colour quite good. After two minutes or so, an increase must be made in the proportion of oxygen, otherwise cyanosis is produced; it will be necessary to increase the oxygen until 12, 15, or even 20 per cent. is needed. Frequent breaths of fresh air are admitted, and generally at the end of five minutes it is advisable to return to ether. The best indications as to when to change from gas to ether seem to be -(1) The narrowing of the margin between deep and light anesthesia as evidenced by a change in the respiratory rhythm, especially in the form of a slight hesitation in the expiratory act, to be watched for during the fresh-air intervals.
(2) When the amount of gas necessary to maintain relaxation has become so great that a certain degree of cyanosis cannot be avoided. The second application of ether will probably extend over five minutes, after which gas can be applied for ten minutes. In practice, it is found that as the operation proceeds the ether applications become shorter and the intervals between them longer.
A common time-record of the distribution of the two ancesthetics would be represented thus: 
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If gas is kept unduly prolonged, retching is apt to give trouble, partly because the ether anmesthesia is becoming too light and partly because it is occasionally produced by nitrous oxide and oxygen; and this phenomenon is an indication for an inamediate return to ether, preferably on the open mask. It is useless to make any attempt to stop it by pushing the nitrous oxide.
As to the classes of patients who have proved to be good subjects, I think they include many who would not be easily ancesthetized by gas and oxygen. For instance, my favourable cases include such types as alcoholics, very stout patients, bronchitics, senile subjects, and one man with empyema. For example:-E. J., a man aged 35, a very muscular and alcoholic Welsh miner. Operation for hernia: Nitrous oxide and oxygen added because relaxation was difficult to produce with ether only. E. S., woman, aged 50, very stout, weighing 15 st. Operation for irreducible umbilical hernia: Duration of anathesia, one hour fifty minutes; no shock or vomiting. M. A., man, aged 78, bronchitic, emaciated and toxoemic; pulse 120, feeble. Operation, suprapubic cystotomy, for enlarged prostate and cystitis. Duration, forty minutes; one month later, prostatectomy on same patient, duration forty minutes; result as to shock and chest condition satisfactory. J. W., man, aged 71. Prostatectomy. Duration one hour and a quarter; pulse at end of operation 70; no subsequent shock. J. L., man, aged 70. Amputation of right leg for diabetic gangrene. Operation thirty minutes; no shock; ether not re-applied after induction.
A. W., man, aged 50. Empyema, resection of two ribs and breaking down of adhesion of chest wall. Duration, fifty-five minutes; no shock.
The advantages which may be claimed for this means of maintaining anmesthesia, when applied to suitable cases by skilled hands, are that it retains the virtues of ether and gas respectively without carrying with it some of their drawbacks. The ancesthesia is even (more so by far than one would expect from such a system of chopping and changing), and shock during and after operation seems to be very slight. It is applicable to a large variety of patients and cases, including those for whom special postures are necessary, such as the lithotomy or the Trendelenburg. Relaxation is good and respiratory movements are rather less vigorous than under ether narcosis. There is a splendidly wide margin between light and deep narcosis.
The quantity of the drugs employed is comparatively small. The average in six cases (four women and two men) for the first hour was: 6 Flemming: Anaesthesia by Ether and Gas Alternately In none of the above cases was the vapour artificially warmed, nor was rebreathing allowed.
The post-operative. condition has been encouraging. Recovery has been quick, and although not free from nausea and vomiting, these symptoms have been less troublesome even than after open ether; especially has the improvement been noticeable in a few neurotic subjects, who, on previous occasions, had suffered considerably from sickness after ether or ether and chloroform.
One of the most striking cases I have seen as regards the slight degree of general upset following a severe operation was that of a girl, aged 20, who was anaemic and asthenic, and who was subjected to an extensive operation for the removal of what appeared to be tuberculous (but was later shown to be carcinomatous) disease invading the bones of the pelvis and the deep lumbar and other lymphatic glands. The operation involved a good deal of retracting and " hard work " on the part of the surgeon, and its duration was one and a quarter hours; haemorrhage was free; morphia was given before, and pituitary and saline during the operation. Recovery was free from nausea or vomiting, and two hours after she left the theatre, the patient asked to be removed from the special small recovery ward to the general ward, "where," she said, "she had more people to speak to." The bloodpressure and temperature charts give evidence of well-maintained vitality during and after operation.
There can be no doubt that there is a causal relationship between lowered vitality and the occurrence of post-operative chest troubles, and in this direction I think the system I am referring to will prove beneficial in certain cases.
If you take exception to my omitting long tables of statistics to support the suggestions I have ventured to make, I can but offer the following explanation: In the first place, my mission is not to prove that this unorthodox method is a panacea for all cases of difficulty; and, in the second place, my cases are far too few to justify the deduction from them of anything more definite than general impressions. They number eighty-six, but are all of a more or less serious nature, and mostly involve operations lasting over an hour, in some instances much longer. My impressions, however, have been so favourable that I felt justified in laying them thus early before the Society for criticism, and I shall consider it quite fair criticism if some suggest that the method involves too much changing and chopping about. My only answer is that, contrary to my own expectation, I have found the resulting anaesthesia more even when I have employed the alternating system than when I have added a low percentage of ether vapour continuously to the nitrous oxide and oxygen. But the apparatus at my disposal may have been a factor here. I should feel sorry to have to use more complicated machinery, because I have a strong bias in favour of simplicity in apparatus and method.
There is one point upon which I feel some misgiving, and that is the possible propriety of employing rebreathing with gas and oxygen. I have on a few occasions (not included in the eighty-six) mixed the gases in the bag and allowed rebreathing, and without, as far as one could judge, any detriment to the patient, but with a great saving of nitrous oxide. The question turns upon the function of CO2 in the body, and as the subject of acapnia seems now to be engaging the minds of some physiologists, we may find that rebreathing is permissible with gas and oxygen even more than it is with gas only.
DISCUSSION.
The CHAIRMAN (Mr. Gill) congratulated the author on his able exposition of the subject. His own knowledge of the new systems was not very extensive, but formerly, to gain time and make things a little easier, he used to alternate ether with gas for short operations of ten or fifteen minutes. He used ether not so as to produce a complete ether anesthesia, but to allow of the patient recovering from the state of cyanosis to which he was liable by the action of the nitrous-oxide gas. One point in the paper he was very glad to hear mentioned was that concerning the limitation of the dose. It did not matter what agent was used as the anesthetic; it seemed that each person had his own standard. His own conclusion was that the quantity of blood which circulated in the body determined the amount of the agent needed to produce the lowest degree of unconsciousness. He was very glad to hear the author advocate the lowest degree of unconsciousness. In his opinion there was only one degree of antesthesia, the signs of which were the contracted pupil and the natural colour of the complexion; he was speaking about ether and chloroform. There was an object in his making those remarks, which he would explain later. The paper just read was of very great interest, and he was sure it would be of gieat use to ancesthetists, because the anticipation of the future of the patient after operation was of the very first import. He could remember the time when, the operation being completed, the patient had to take care of himself. Nowadays, by united efforts, the conditions had changed, and, in his own opinion, in which he hoped he had the support of the meeting, the most important factor in the recovery was the vitality of the patient, which should be reduced as little as possible. r-Dr. BLUMFELD was especially interested in Mr. Flemming's experiment, because it was something he had himself tried to achieve, without having hit on the same plan-namely, if it were possible to procure for a long period a condition of nitrous-oxide anaesthesia, and one which was followed afterwards by only the slight effects ensuing upon nitrous-oxide anwsthesia. He had often procured for a considerable time, fifteen minutes or so, anaesthesia with the ordinary nitrous-oxide and ether apparatus, never getting rid of the gas, but deepening it with ether occasionally, and getting relaxation and perfect quiet. He wished to ask Mr. Flemming as to reflex effects. When it came to serious operations, the difficulty with nitrous-oxide anaesthesia seemed to be to avoid reflex effects, such as when there was straining of the abdominal muscles, and similar reflex respiratory effects. He asked whether Mr. Flemming had met with difficulties of that kind, and, if so, whether he had regarded them as an indication to get rid of the nitrous oxide at the time and continue with the ether. He also asked whether Mr. Flemming considered the condition which resulted during the long periods he spoke of was one of ancesthesia due to nitrous oxide in the main, or to an ether anmesthesia which he carried on to the slightest possible extent and continued by nitrous oxide. He thought the attempts were based on the sound idea of trying to keep the patient in an anaesthesia such as that of nitrous oxide and yet avoiding the recovery effects which one would expect from an ether anaesthesia. When reflex effects occurred during the handling of sensitive parts, did Mr. Flemming deepen the anaesthesia by ether, or could he control them with nitrous oxide and oxygen?
Dr. SILK said that all members of the Section had probably had experience of giving nitrous oxide with small amounts of ether for general operations. In his own hands he had found that the effects were disagreeable in the following way: That with a general aneesthetic one depended upon a certain amount of analgesia rather than anaesthesia after the operation; whereas, with the very rapid recovery when nitrous oxide was the main anesthetizing agent, the patient was brought back to all the misery caused by soreness of the skin incision. Apart from that, his view was that the severity of the after-effects in the way of sickness and shock was largely commensurate with the equality of anesthesia preserved throughout the operation. If the patient was continually coming almost out of the anesthesia and then going more deeply under, that increased the subsequent sickness. No doubt Mr. Flemming had been able to maintain that due level of anesthesia, but others might not be so skilful as that gentleman had been. He hoped that at some future date Mr. Flemming would bring before the Section some further remarks, perhaps supported by more cases, in his own and other people's hands. For cases in which the operation lasted upwards of an hour, the amount of nitrous oxide required, even for a light degree of anesthesia, must be very great. Thus the method seemed as if it would be cumbersome.
Mr. BOYLE felt very loth to criticize anything that the author had said, because he had known him for a number of years, and was aware how shrewd an observer he was. But he was puzzled to know how, when changing from ether to gas anesthesia, a definite level of anaesthesia was maintained. He would imagine that the patient would be very sick after the method, for he believed that sickness after an ancesthetic was in a great measure due to uneven antesthesia, and he had found that those patients who were allowed to vary between deep and very light anesthesia suffered far more from the after-effects than those who were kept at an even anesthesia throughout the operation. It was necessary that more cases should be anesthetized by the method before one could give an opinion on its merits. He thought that for an operation of any great duration a great deal of anesthetic must be required; and he asked Mr. Flemming why, when he started the anesthesia, he did not begin with gag and ether, rather than with ether alone'?
Mr. R. W. COLLUM said he had no experience of the method. Though he never alternated between these two anuesthetics, he occasionally used ethyl chloride during ether anesthesia, if a student was carrying out the anesthesia and allowed the patient to come round too much before it was noticed by him (the speaker). He then went back to ether; and if the patient came too far round again, the ethyl chloride could be added again. But he did not recommend this practice ; it was bad for the patient, because of the amount of sickness it caused afterwards. Patients seemed to be more sick when this change of aneesthetic had been carried out, and therefore he could not understand the patients being less sick under the method just described. In the case of the alcoholic miner mentioned in the paper, he understood that the rigidity could not be got rid of by ether. The same result could be obtained with chloroform, and there was usually no danger in going on for the rest of the operation with chloroform, or, at least, with C.E. mixture. If ether would not banish the rigidity, chloroform might.
Dr. G. A. H. BARTON desired to ask about the point which had already been mentioned namely, that when the depth of the ancesthesia had been allowed to vary during the operation, the patient was much more likely to be sick than when that was not the case. He asked what were the grounds for that statement. Had those who maintained this compared a series of cases, or was it merely a general impression ? Assuming it as a fact, he also desired to know what explanation (if any) was offered for it.
Mr. COLLUM, answering Dr. Barton, said he had not taken careful notes on the matter: what he had said was more or less a general impression. The explanation he had in his own mind was that it was due to the patient swallowing each time he came round.
Dr. SILK, answering the question by Dr. Barton, said he was quite convinced from experience as to the increased sickness when the depth of antesthesia was irregular.
Mr. HARVEY HILLIARD said he had collected cases extending over a considerable time-nearly a thousand in number-with regard to the question of post-ane-sthetic vomiting. He went into the matter to prove that regulating inhalers caused less after-sickness than the happy-go-lucky method of mask and drop-bottle, or the Clover's inhaler, with which latter the patient was constantly re-breathing. His view was that if one produced a certain depth of anesthesia, preferably light, and kept the patient at that point during the whole operation, he was much less likely to be sick afterwards than if he had been kept more profoundly under; and, also, there was more sickness when the depth of antesthesia was constantly varying, as when students were administering. In the cases he had collected that had certainly been proved. Patients who had half per cent. of chloroform vapour, or less, were much less sick than those who had one per cent. or more. And in using the regulating open inhaler for ether, keeping the patient lightly under would result in much less sickness than where the corneal reflex was abolished throughout the operation and a closed inhaler used. In teaching students at the hospital it was necessary to allow them to keep the patient more deeply under, so that the corneal reflex was abolished, or nearly so, because they had some difficulty in keeping at a point of lighter degree of anesthesia; with deep anesthesia there was some reserve of safety, since the patient was less likely suddenly to "come round." The objection he felt to Mr. Flemming's method was that he allowed the patient to come relatively round, and then put him more deeply under again by giving ether. Therefore the depth of the anesthesia was constantly varying. That seemed to involve an unnecessary strain on the vital centres, of heart, and respiration, because those centres were not easily able to accommodate themselves to the varying circumstances. If one was antesthetizing for several hours at hospital, to be subject to the anxiety of the constant varying of the depth of anesthesia proposed by Dr. Flemming would be a great strain. He would prefer to keep the patient under an equal degree of anasthesia during the whole time by a single method.
Mrs. DICKINSON BERRY said lightness of aneesthesia was one of the great preventives of sickness; for some years she had given ether by the open method for goitre cases, and it had been quite exceptional for the patients to be sick at all. They were always kept lightly under. She felt doubtful about post-ansesthetic sickness being due to swallowing, because in those cases it was the custom, towards the end of the operation, to let the patient come nearly round, to strain and swallow, so as to insure there being no hemorrhage afterwards. They always swallowed, but were very seldom sick. When giving chloroform also in goitre cases the patients were kept lightly under the whole time, and here again sickness was very rare. Perhaps the nitrous-oxide anesthesia induced by Mr. Flemming was also light.
Mr. FLEMMING, in reply, said most of the speakers had raised the question of the varying depth of anaesthesia. That was exactly the criticism which he himself would have made if he had not seen the method. But only on the previous evening he was anesthetizing by this system when a retired anesthetist who was standing by expressed his surprise at the evenness of the anaesthesia by that method. He (Mr. Flemming) would not use a method which did not enable him to preserve that evenness. He did not permit swallowing to take place, and in his first few cases he had difficulty in knowing whlen to change from gas to ether. But now he managed to anticipate, and according to the type of patient he knew fairly well how long he would remain under gas. As a matter of fact, as the ether ancesthesia tapered off, the gas anaesthesia was deepened, so that the proper blending of the two resulted in the same depth of anaesthesia. It was surprising how quickly a few drops of ether took effect if the patient had been allowed to come round from gas too far. The knack of anticipating events was the whole difficulty in the system. He began with etlhyl chloride and ether, or gas and ether. He used an exact system, counting every drop of ether and every drop of chloroform. He mentioned that in order to show that he did lay stress on the evenness of the ancesthesia. The pupil remained small, and if it should dilate under gas he would immediately go back to ether. He agreed with Mr. Gill that it was a drawback that the aneesthetist's responsibility ended so soon after an operation; surgeons should realize that anasthetists should be more generally informed about after-troubles, for the after-effects did not wear off very quickly. Reflex effects had been remarkably absent in his cases. In the ordinary way, at the beginning he allowed the operation to get well under way under ether, and when there was dragging on the mesentery, or on the uterus, or manipulations of the abdomen, there did not seem to be the reflex effect which had been mentioned. There seemed to be a sort of intoxication by ether, and the small quantity of nitrous oxide superimposed upon that had a great effect. Two drugs applied together often had a much greater effect than either given singly; that applied to ether and chloroform, and was well recognized with different kinds of alcohol, and might, he suggested, apply also to ether and gas. The combined effect of ether and nitrous oxide was very even. With regard to pain and analgesia, his patients did not come round as quickly as they did after nitrous oxide and oxygen, because he kept up a certain amount of ether saturation all the way through. Dr. Teter, of Cleveland, with whose work anwsthetists were familiar, as he had reported 13,000 cases aneesthetized with nitrous oxide and oxygen, used an even ether saturation all through the operation when necessary. That was the method which, theoretically, one would select, rather than the changing of the antesthetic. But as he (Mr. Flemming) had found, to his surprise, that the antesthesia could be kept even under the method now described, he thought he was justified in bringing it before the Section. He bad mentioned Welsh miners, because they were a most difficult set of men to deal with,-sensitive, hysterical, alcoholic and powerful, they salivated if they had ether, and were liable to die if they had chloroform. In the ordinary course of events he would have gone on with chloroform in the case referred to, but he tried that particular miner with the new method, and it went smoothly. In answer to Mr. Hilliard, he was surprised that half per cent. chloroform could tide a patient through the whole of an operation, despite anything the surgeon might do. If there were dragging on the mesentery or the kidney it seemed to call for more ancesthetic. He was in sympathy with what Mrs. Dickinson Berry had said as to open ether administration for goitre cases, and he had found there was practically no vomiting afterwards.
Mr. HARVEY HILLIARD wished to explain that he did not intend to imply that the patient did not sometimes show reflex effects when the liver, uterus, or other viscus was pulled upon.
A New Inhaler for Administering Nitrous-oxide Gas by the Nasal Method.
By J. F. TREWBY.
THERE are three points to which I should like to draw attention:
(1) Connexion of the mouthand nose-pieces by means of a rubber tube.
(2) A simple means of cutting off gas and giving air, fixed on the nose-piece itself, where it is nmore easily manipulated than elsewhere.
(3) A nasal bag regulator, consisting of two pieces of mnetal connected by means of a slight spring, the object being to deliver the gas at a slight pressure, rather than the pressure of the stretching of the rubber bag, which is too great a pressure to work with.
The advantages I claim for this apparatus are the following:
(1) It converts the administration into as simiiple a procedure as giving gas by the ordinary face-piece method.
(2) It gets over any discomfort to the patient, which occasionally arises in the nasal administration, from the fact that many people who are partial mouth-breathers are unable to breathe freely through the nose, thus causing a feeling of suffocation while they are being got under by the ordinary nose-piece.
(3) It prevents nasal " to and fro " breathing, with its accompanying obstruction, which occurs in nearly all cases of nasal administration, necessitating, in many cases, the starting of the operation when the patient is deeply cyanosed, without being deeply under the influence of nitrous oxide.
(4) If there is any nasal obstruction, which in practice rarely occurs, it gives rise to no trouble during the induction of nitrous-oxide ancesthesia.
